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DESCRIPTION 



LIQUID CRYSTAL DISPLAY 



Technical Field 

The present invention relates to a liquid crystal display 
for displaying images using a liquid crystal display panel 
and in particular relates to a liquid crystal display which 
offers improvement in response speed in response to gray scale 
changes in the liquid crystal display panel. 

Background Art 

Recently , as personal computers and television receivers 
have become lighter and thinner, reduction in thickness and 
weight of display devices has also been wanted. In answer 
to such demands , flat panel type displays such as liquid crystal 
displays (LCDs) have been developed in place of cathode ray 
tubes (CRTs) . 

An LCD is a display device which produces desired image 
signals by applying electric fields across a liquid crystal 
layer having anisotropic dielectric constants, injected 
between a pair of substrates so that the strength of the electric 
fields is controlled to thereby control the amount of light 
passing through the substrates. Such LCDs are typical 
examples of handy flat panel type displays. Of these, TFT 



LCDs that employ thin-film transistors (TFT) as switching 
elements are mainly in use. 

Lately, since TFT LCDs have been not only used as the 
display devices of computers but also used widely as the display 
devices of television receivers, the need for rendering motion 
pictures has been increased. However, since the conventional 
TFT LCDs are low in response speed, they have a drawback that 
it is difficult to reproduce motion pictures. 

In order tomake the liquid crystal response speed problem 
better, there is a known liquid crystal driving method wherein 
in accordance with the combination of the input image data 
of the previous frame and the input image data of the current 
frame, either a higher (overshot) drive voltage than the 
predetermined gray scale level voltage that corresponds to 
the input image data of the current frame or a lower (undershot) 
drive voltage is supplied to the liquid crystal display panel . 
In this specif icat ion of the present application, this driving 
scheme should be defined as overshoot drive. 

Fig. 7 shows a schematic configuration of a conventional 
overshoot drive circuit. Specifically, the input image data 
(current data) of the N-th frame being about to be displayed 
and the input image data (previous dat;a) of the (N-l) -th frame 
being stored in a frame memory 1 are loaded into a write-gray 
scale level determining portion 2, wherein the patterns of 
the gray scale level transitions between both the data and 



the input image data of the N-th frame are checked with an 
OS table memory (applied voltage data table) 3 stored in an 
external memory, so that the write-gray scale level data needed 
for image display of N-th frame is determined based on the 
applied voltage data that is obtained from the checkup, and 
is supplied to a liquid crystal display panel 4 . 

With a general liquid crystal display panel, there has 
been a problem in that it takes long time to make a transition 
from a certain half gray scale level to another half gray 
scale level, so that it is impossible to display the half 
gray scales within the period of one frame (e.g., 16.7 msec, 
for a case of progressive scan of 60 Hz) . This not only produces 
afterimages but also hinders correct half gray scale display. 
Use of the above-described overshoot drive, however, enables 
display of the aimed half gray scales within a short time 
(one frame period) as shown in Fig. 8. 

Here, since the above-described overshoot drive scheme 
is implemented on the basis that the liquid crystal display 
panel is always able to display the target gray scale level 
after one frame period for every the gray scale level transition, 
the input image data of the previous frame is directly input 
as the previous data to write-gray -scale level determining 
portion 2 . However, if the liquid crystal has a poor response 
characteristic or when the data is constructed of 8 bits 
representing 256 gray scale levels, there has been a problem 
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in that the response of the liquid crystal to the gray scale 
level of the current frame image data cannot be sufficiently 
compensated if the gray scale level of the previous frame 
image data is zero and transits to a half gray scale level. 

To deal with this problem, for example, Japanese Patent 
Application Laid-open Hei 7 No . 20828 proposes a liquid crystal 
display as shown in Fig. 9, This liquid crystal display 
includes: a signal processor 11 that processes an input image 
signal Xn so as to compensate the transmittance response 
characteristic with respect to the voltage applied to the 
liquid crystal; and a response predictor 12 that implements 
a low-pass filtering process that approximates the voltage 
response characteristic of the liquid crystal, on the output 
Zn from this signal processor 11 and feeds back the output 
signal Yn-1 as a corresponding predicted value for the liquid 
crystal response voltage to signal processor 2. 

The above response predictor 12 approximates the liquid 
crystal response characteristic, using a set of low-pass 
filters (LPFs) with which the coefficient a is varied depending 
on the voltage level. With this method, the actual liquid 
crystal response voltage at the previous field can be 
approximated by the LPF output, therefore this voltage can 
be used as the initial voltage (previous data) at the next 
field so as to be able to compensate for the liquid crystal 
optical response characteristics in a more faithful manner. 



In the case of the above-described conventional liquid 
crystal display described in Japanese Patent Application 
Laid-open Hei 7 No. 20828, the actual liquid crystal response 
voltage (displayed gray scale level) of the next field is 
calculated by approximating the liquid crystal response 
characteristic based on the voltage-level dependent LPF set. 
Nevertheless, as also understood from Fig. 10, for example, 
it is known that a typical liquid crystal display panel presents 
irregular response characteristics depending on the 
combination of the gray scale level before change (transition) 
and that after change (transition) , and the response speed 
markedly lowers at transitions between particular gray scale 
levels. 

In sum, it is impossible to obtain the exact achievable 
gray scale levels after a lapse of the one vertical display 
period for all the gray scale level transition patterns, by 
approximating the liquid crystal response characteristic 
based on the voltage level dependent LPF set as disclosed 
in Japanese Patent Application Laid-open Hei 7 No . 2 0 8 2 8 , hence 
the response and fidelity of liquid crystal to the display 
of motion pictures including half gray scales cannot be fully 
compensated for and the problem is- not yet solved. 

The present invention has been devised in view of the 
above problem to provide a liquid crystal display which, if 
any type of gray scale level transition occurs from one vertical 



display period to the next, or even if the gray scale level 
does not reach the aimed gray scale level within one vertical 
display period, is able to correctly inhibit generation of 
afterimages and present correct display of half gray scales 
even for motion pictures containing any kind of gray scale 
level transition pattern, by implementing overshoot drive 
using actual achievable gray scale levels within the one 
vertical display period. 

Disclosure of Invention 

The first invention of this application is a liquid 
crystal display for image display using a liquid crystal 
display panel, comprising: a write-gray scale level 
determining means for determining write-gray scale level data 
for input image data that compensates an optical response 
characteristic of the liquid crystal display panel, in 
accordance with, at least, a combination. of gray scale level 
transitions from a previous vertical display period to a 
current vertical display period; and an achievable gray scale 
level determining means for generating achievable gray scale 
level data for input image data after a lapse of one vertical 
display period of the liquid crystal display panel, in 
accordance with, at least, a combination of gray scale level 
transitions from one vertical display period to the next, 
and wherein the write-gray scale level determining means 



determines the write-gray scale level data to be supplied 
to the liquid crystal display panel, based on achievable gray 
scale level data of the liquid crystal display panel, 
corresponding to input image data at the previous vertical 
display period, output from the achievable gray scale level 
determining means and the input image data at the current 
vertical display period. 

The second invention of this application is characterized 
in that the achievable gray scale level determining means, 
referring to a table memory that stores achievable gray scale 
level parameters representing achievable gray scale 
brightness after the lapse of one vertical display period 
of the liquid crystal display panel, obtained from an actual 
measurement of the optical response characteristic of the 
liquid crystal display panel, determines the achievable gray 
scale level data after the lapse of one vertical display period 
of the liquid crystal display panel, in accordance with the 
input image data . 

The third invention of this application is characterized 
in that the table memory stores achievable gray scale level 
parameters which are accessible by designating the achievable 
gray scale level data of the liquid crystal display panel 
corresponding to the image data at the previous vertical 
display period and the input image data at the current vertical 
display period. 
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The fourth invention of this application is characterized 
in that the achievable gray scale level determining means 
determines the achievable gray scale level data corresponding 
to the input image data after the lapse of one vertical display 
period of the liquid crystal display panel, using a function 
that represents achievable gray scale brightness after the 
lapse of one vertical display period of the liquid crystal 
display panel, obtained from an actual measurement of the 
optical response characteristic of the liquid crystal display 
panel . 

The fifth invention of this application further comprises 
a temperature detecting means for detecting a device interior 
temperature, and is characterized in that the achievable gray 
scale level determining means, based on the detected device 
interior temperature, determines the achievable gray scale 
level data for the input image data after the lapse of one 
vertical display period. 

The sixth invention of this application is characterized 
in that the write-gray scale level determining means, based 
on the detected device interior temperature, determines the 
write-gray scale level data for compensating the optical 
response characteristic of the liquid crystal display panel. 

In the liquid crystal display of the present invention, 
the achievable gray scale level data that represents the 
actually achievable gray scale brightness after a lapse of 



one vertical display period of the liquid crystal display 
panel, obtained from the input image data of the previous 
vertical display period, is determined. The thus obtained 
data is referred to as the previous data so as to implement 
overshoot drive for the input image data (current data) of 
the current vertical display period. Therefore, this 
configuration enables the liquid crystal display panel to 
achieve the correct gray scale brightness designated by the 
input image data after a lapse of one vertical display period, 
hence can correctly prevent occurrence of after images and 
correctly display half gray scales for any motion picture 
whatever gray scale transitions it contains. 

Brief Description of Drawings 

Fig . 1 is a functional block diagram showing the schematic 
exemplary configuration of the first embodiment of a liquid 
crystal display of the present invention. 

Fig. 2 is an illustrative chart showing the step response 
characteristic of a liquid crystal display panel for a certain 
gray scale level transition pattern. 

Fig. 3 is a schematic illustrative chart showing a content 
example of an OS table in the first embodiment of the liquid 
crystal display of the present invention. 

Fig . 4 is a functional block diagram showing the schematic 
exemplary configuration of the second embodiment of a liquid 
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crystal display of the present invention. 

Fig. 5 is a functional block diagram showing the schematic 
exemplary configuration of the third embodiment of a liquid 
crystal display of the present invention. 

Fig. 6 is an illustrative chart showing an example of 
relations between the device interior temperature and 
reference table memories in the third embodiment of the liquid 
crystal display of the present invention. 

Fig. 7 is a functional block diagram showing the schematic 
exemplary configuration of a conventional liquid crystal 
display. 

Fig. 8 is an illustrative chart showing the relations 
between the voltage applied to liquid crystal and the liquid 
crystal response. 

Fig . 9 is a functional block diagram showing the schematic 
exemplary configuration of another conventional liquid 
crystal display. 

Fig. 10 is an illustrative chart showing the relations 
between gray scale level transitions and response times of 
a liquid crystal display panel. 

Best Mode for Carrying Out the Invention 

The first embodiment of a liquid crystal display of the 
present invention will hereinbelow be described in detail 
with reference to Figs.l to 3. The same reference numerals 



are allotted to the same components as in the above conventional 
example without description. Here, Fig.l is a block diagram 
showing the schematic exemplary configuration of the liquid 
crystal display of this embodiment; Fig. 2 is an illustrative 
chart showing the step response characteristic of a liquid 
crystal display panel for a certain gray scale level transition 
pattern; and Fig. 3 is a schematic illustrative chart showing 
a content example of an OS table in the liquid crystal display 
of this embodiment. 

The liquid crystal display of this embodiment includes: 
an achievable gray scale level determining portion 5 which, 
as shown in Fig.l, receives the output (previous data) from 
a frame memory 1 and the input image data (current data) , 
determines the achievable gray scale level data corresponding 
to the input image data, after a lapse of one frame period 
(16.7 msec), which is obtained from the optical response 
characteristic of a liquid crystal display panel 4 with 
reference to an achievable gray scale level table memory (ROM) 
6, and outputs the result to frame memory 1. Here, it goes 
without saying that the one frame period of the input image 
data is not limited to 16.7 msec as long as the input image 
data is sequentially scanned data.- 

A write-gray scale level determining portion 2 acquires 
the achievable gray scale level data of liquid crystal display 
panel 4 corresponding to the input image data of the previous 



12 



frame stored in frame memory 1 as the previous data, and 
determines the write-gray scale level data that will 
compensate the optical response characteristic of liquid 
crystal display panel 4, in accordance with the combination 
of the gray scale level transitions from the previous data 
to the input image data of the current frame (current data) . 
In other words, the write-gray scale level data which enables 
liquid crystal display panel 4 to display, after one frame 
period (16.7 msec) , the correct brightness of the gray scales 
determined by the image data of the current frame, is determined 
and this is supplied to liquid crystal display panel 4 . 

In the case where, for example, overshoot drive is 
implemented for a liquid crystal display panel having a step 
response characteristic shown in Fig. 2, if a target gray scale 
level #A, which is designated by the image data, cannot be 
achieved within one frame period (16.7 msec), the 
above-described conventional configuration with reference 
to Fig. 7, determines the write-gray scale level data for the 
liquid crystal to achieve the target gray scale level #B, 
designated by the current frame image data (current data) , 
after a lapse of one frame period, by referring to the target 
gray scale level #A that is determined as the previous data 
by the previous frame image data. In contrast, the present 
embodiment , referring to the actual achievable gray scale 
level after a lapse of one frame period, #A', as the previous 
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data, determines the write-gray scale level data for the liquid 
crystal to achieve the target gray scale level #B, designated 
by the current frame image data (current data) , after a lapse 
of one frame period. 

That is, even if the liquid crystal display panel cannot 
achieve the target gray scale level #A, which is designated 
by the image data of the previous frame, within one frame 
period, due to the above-mentioned various causes, in the 
present embodiment the amount of overshoot (write-gray scale 
level data) for the current frame image data is determined 
using the actual achievable gray scale level #A' . Therefore, 
it is possible to enable the liquid crystal display panel 
to make the correct response after a lapse of one frame period, 
achieving the target gray scale level #B designated by the 
current frame image data. 

In liquid crystal display panel 4, the gray scale level 
drive voltage corresponding to the write-gray scale level 
data determined by write-gray scale level determining portion 
2 is applied to the liquid crystal layer to display a desired 
image. Here, in the present embodiment, write-gray scale 
level determining portion 2 with an OS table memory 3 
constitutes a write-gray scale level determining means, and 
achievable gray scale level determining portion 5 with an 
achievable gray scale level table memory 6 constitutes an 
achievable gray scale level determining means. 
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In this case, when the number of display signal levels, 
i.e., the amount of display data, is 256 gray scales represented 
by 8 bits, all pieces of write-gray scale level data (the 
amounts of overshoot) for all the gray scale level transition 
patterns are stored in a 256 x 256 matrix, in OS table memory 

(ROM) 3, as shown in Fig. 3. These amounts of overshoot stored 
in this OS table memory 3 are obtained from the actual 
measurement of the optical response characteristic of the 
liquid crystal display panel 4 used for the device, each value 
being determined in accordance with the combination of the 
gray scale level of the current frame image data and the gray 
scale level of the previous frame image data. 

In achievable gray scale level table memory (ROM) 6, 
the achievable gray scale level data in liquid crystal display 
panel 4 after a lapse of one frame period (16.7 msec) , obtained 
for every combination of the gray scale level transitions 
from one frame to the next, depending on the input image data 

(current data) , is stored in a 256 x 256 matrix, in a similar 
manner to that of the OS table memory 3 shown in Fig. 3. These 
values are determined based on the actual measurement of the 
optical response characteristic of the liquid crystal display 
panel 4 used for the device, i.e., the actual achievable gray 
scale brightness in liquid crystal display panel 4 after a 
lapse of one frame period, measured for every gray scale level 
transition pattern- 
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In the above-described OS table memory 3 and achievable 
gray scale level table memory 6, all pieces of the write-gray 
scale level data and achievable gray scale level data for 
the 256 x 256 gray scale level transition patterns are stored. 
However, it is also possible that only the transition 
parameters (actual measurements) at representative points 
(representative gray scale level transition patterns) 
distributed evenly or unevenly have been stored so that the 
values for the other gray scale level transition patterns 
can be calculated from the above conversion parameters (actual 
measurements) . 

For example, only the conversion parameters (actual 
measurements) for representative gray scale level transitions 
for every 64 gray scale levels, have been stored in a 5x5 
matrix, so that, for the other gray scale level transition 
patterns, the write-gray scale level data (the amounts of 
overshoot) that compensates the optical response 
characteristic of liquid crystal display panel 4 and the 
achievable gray scale level data corresponding to the gray 
scale brightness actually achieved by liquid crystal display 
panel 4 after a lapse of one frame period can be determined 
by implementing linear interpolation or other calculations 
on the above conversion parameters (actual measurements) . 

Since the liquid crystal display panel of the present 
embodiment is thus configured, the achievable gray scale level 
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data corresponding to the gray scale levels achieved based 
on the previous frame input image data by liquid crystal display 
panel 4 after a lapse of one frame period, can be stored as 
the previous data in frame memory 1 for any input image whatever 
gray scale transitions it includes . The achievable gray scale 
data is that based on the actual measurement (gray scale 
brightness) in liquid crystal display panel 4 of the present 
device, and contains all the gray scale transition patterns. 
Therefore, it is possible to obtain correct previous data 
in conformity with the optical response characteristic of 
the actual liquid crystal display panel 4. 

The write-gray scale level determining portion 2, based 
on the achievable gray scale level data of liquid crystal 
display panel 4 corresponding to the previous frame input 
image data output from frame memory 1 and the current frame 
input image data, determines the write-gray scale level data 
for the liquid crystal display panel 4 to be able to achieve 
the gray scale brightness designated by the current frame 
input image data, after a lapse of one frame period- Therefore, 
it is possible to implement an overshoot drive which can prevent 
occurrence of afterimages and can correctly display the half 
gray scales by correctly compensating for the optical response 
characteristic of the liquid crystal display panel 4 for any 
motion, picture whatever gray scale transitions it contains. 

Next, the second embodiment of a liquid crystal display 
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of the present invention will be described in detail with 
reference to Fig. 4. The same components as described in the 
above first embodiment are allotted with the same reference 
numerals without description. Fig. 4 is a block diagram 
showing a schematic exemplary configuration of the liquid 
crystal display of the present embodiment. 

The optical response characteristic of a liquid crystal 
panel 4 varies depending on the alignment mode of the liquid 
crystal, the electrode structure for applying electric fields 
to the liquid crystal material, and other factors . The liquid 
crystal display of this embodiment includes, in place of 
achievable gray scale level table memory 6 of the above first 
embodiment, a calculator 7 for implementing calculation of 
a 2-dimentional function f (pre, cur), which is defined by 
variables, or the gray scale level before transition and the 
gray scale level after transition and represents the optical 
response characteristic of the liquid crystal display panel 
4, as shown in Fig. 4 . This 2-dimentional function f (pre, cur) 
is a function representing the achievable gray scale 
brightness of the liquid crystal display panel 4 after a lapse 
of one frame period, which is determined by actual measurement 
of the optical response characteri-stic of liquid crystal 
display panel 4. 

An achievable gray scale level determining portion 5, 
based on the calculation of the 2-dimentional function (pre, 
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cur) from the calculator 7, determines the actual achievable 
gray scale level data of the liquid crystal display panel 
after a lapse of one frame period for the input image data 
(current data) , and outputs it as the previous data to a frame 
memory 1 . In sum, in the present embodiment achievable gray 
scale level determining portion 5 and calculator 7 constitute 
the achievable gray scale level determining means. 

Accordingly, similar to the above first embodiment which 
uses achievable gray scale level table 6 containing the 
achievable gray scale level parameters obtained from the 
actual measurement of the achievable gray scale brightness 
of liquid crystal panel 4 after a lapse of one frame period, 
the achievable gray scale level data corresponding to the 
gray scale brightness levels achieved based on the previous 
frame input image data by liquid crystal display panel 4 after 
a lapse of one frame period, can be stored as the previous 
data in frame memory 1 for any input image whatever gray scale 
transitions it includes. Therefore, it is possible to obtain 
correct previous data in conformity with the optical response 
characteristic of the actual liquid crystal display panel 
4. 

The write-gray scale level determining portion 2, based 
on the achievable gray scale level data of liquid crystal 
display panel 4 corresponding to the previous frame input 
image data output from frame memory 1 and the current frame 



input image data, determines the write-gray scale level data 
for the liquid crystal display panel 4 to be able to achieve 
the gray scale brightness designated by the current frame 
input image data, after a lapse of one frame period. Therefore, 
it is possible to implement an overshoot drive which can 
correctly prevent occurrence of afterimages and can correctly 
display the half gray scales by making up for the optical 
response characteristic of the liquid crystal display panel 
4 for any motion picture whatever gray scale transitions it 
contains. 

Next, the third embodiment of a liquid crystal display 
of the present invention will be described in detail with 
reference to Figs . 5 and 6. The same components as described 
in the above first embodiment are allotted with the same 
reference numerals without description. Here, Fig. 5 is a 
block diagram showing the schematic exemplary configuration 
of the liquid crystal display of the present embodiment . Fig . 6 
is an illustrative chart showing an example of relations 
between the device interior temperature and reference table 
memories in the liquid crystal display of the present 
embodiment . 

It is known that the response - speed of liquid crystal 
greatly depends on temperature, in particular, the input 
signal following performance at low temperatures lowers 
extremely and the response time increases. This means that 
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the gray scale brightness of the liquid crystal display panel 
in accordance with the input image data after a lapse of one 
frame period changes also depending on the temperature of 
the liquid crystal display panel. 

To deal with this, the liquid crystal display of the 
present embodiment, as shown in Fig. 5, includes: OS table 
memories (ROM) 3a to 3c that store OS parameters for a plurality 
of device interior temperatures; achievable gray scale level 
table memories (ROM) 6a to 6c storing achievable gray scale 
level parameters for the plurality of device interior 
temperatures; a temperature sensor 8 for detecting the 
temperature inside the device; and a control CPU 9 for selecting 
one from OS table memories 3a to 3c and one from achievable 
gray scale level table memories 6a to 6c, in accordance with 
the device interior temperature, detected by the temperature 
sensor 8 . 

Here, OS parameters LEVEL 1 to LEVEL 3 stored in OS table 
memories 3a to 3c should be obtained beforehand from the actual 
measurements of the optical response characteristic of liquid 
crystal display panel 4 under environments at reference 
temperatures Tl, T2 andT3 (TKT2<T3) . Similarly, achievable 
gray scale level parameters LEVEL 1- to LEVEL 3 stored in 
achievable gray scale level table memories 6a to 6c should 
be obtained beforehand from the measurements of the optical 
response characteristic of liquid crystal display panel 4 
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under environments at reference temperatures Tl, T2 and T3 
(TKT2<T3) . 

Control CPU 9 compares the detected temperature data 
from temperature sensor 8 with predetermined threshold 
temperature data values Thl andTh2 andbasedon the comparison, 
generates and outputs a switching control signal that selects 
one of OS table memories 3a to 3c for switching to any of 
OS parameter LEVEL1 to LEVEL3 and selects one of achievable 
gray scale level OS table memory 6a to 6c for switching to 
any of achievable gray scale level parameter LEVEL 1 to LEVEL3 . 

It should be noted that temperature sensor 8 is preferably 
disposed at a position so as to detect the temperature of 
liquid crystal display panel 4, and one or more sensors may 
be arranged at different positions inside the device. 

In this case, if the device interior temperature detected 
from temperature sensor 8 is not higher than the threshold 
temperature Thl (= 10°C ) , control CUP 9 gives write-gray scale 
level determining portion 2 a command of selecting OS table 
memory 3a and referring to it, as shown in Fig. 6, for example. 
In answer to this, write-gray scale level determining portion 
2 determines the write-gray scale level data corresponding 
to the input image data, in accordance with the gray scale 
level transitions from the previous frame to the current frame, 
using the OS parameter LEVEL 1 stored in OS table memory 3a, 
and provides the obtained result to liquid crystal display 
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panel 4 . 

At the same time, control CPU 9 gives achievable gray 
scale level determining portion 5 a command for selecting 
and referring to achievable gray scale level table memory 
6a . In answer to this , achievable gray scale level determining 
portion 5 determines the achievable gray scale level data 
corresponding to the input image data, in accordance with 
the gray scale level transitions from the previous frame to 
the current frame, using the achievable gray scale level 
parameter LEVEL 1 stored in achievable gray scale level table 
memory 6a, and provides the obtained result to frame memory 
1. 

When the device interior temperature detected from 
temperature sensor 8 is higher than the threshold temperature 
Thl (= 10 °C) and not higher than the threshold temperature 
Th2 (= 30°C), control CPU 9 gives write-gray scale level 
determining portion 2 a command for selecting OS table memory 
3b and referring to it. In answer to this, write-gray scale 
level determining portion 2 determines the write-gray scale 
level data corresponding to the input image data, in accordance 
with the gray scale level transitions from the previous frame 
to the current frame, using the OS parameter LEVEL2 stored 
in OS table memory 3b, and provides the obtained result to 
liquid crystal display panel 4. 

At the same time, control CPU 9 gives achievable gray 
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scale level determining portion 5 a command for selecting 
and referring to achievable gray scale level table memory 
6b . In answer to this , achievable gray scale level determining 
portion 5 determines the achievable gray scale level data 
corresponding to the input image data, in accordance with 
the gray scale level transitions from the previous frame to 
the current frame, using the achievable gray scale level 
parameter LEVEL 2 stored in achievable gray scale level table 
memory 6b, and provides the obtained result to frame memory 
1. 

Further, when the device interior temperature detected 
from temperature sensor 8 is higher than the threshold 
temperature Th2 (=30 °C ) , control CPU 9 gives write-gray scale 
level determining portion 2 a command for selecting OS table 
memory 3c and referring thereto . In answer to this, write-gray 
scale level determining portion 2 determines the write-gray 
scale level data corresponding to the input image data, in 
accordance with the gray scale level transitions from the 
previous frame to the current frame, using the OS parameter 
LEVEL3 stored in OS table memory 3c, and provides the obtained 
result to liquid crystal display panel 4 . 

At the same time, control CPU -9 gives achievable gray 
scale level determining portion 5 a command for selecting 
and referring to achievable gray scale level table memory 
6c . In answer to this , achievable gray scale level determining 
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portion 5 determines the achievable gray scale level data 
corresponding to the input image data, in accordance with 
the gray scale level transitions from the previous frame to 
the current frame, using the achievable gray scale level 
parameter LEVEL3 stored in achievable gray scale level table 
memory 6c, and provides the obtained result to frame memory 
1. 

As has been described heretofore, according to the liquid 
crystal display of the present embodiment, one of achievable 
gray scale level table memories 6a to 6c is selectively referred 
to in accordance with the device interior temperature. 
Therefore, it is always possible to determine correct 
achievable gray scale level data of liquid crystal display 
panel 4 and store the data into frame memory 1 as the previous 
data. Thus, it is possible to obtain correct previous data 
that conforms to the optical response characteristic of the 
actual liquid crystal display panel 4 presenting 
temperature-dependence . 

Also, write-gray scale level determining portion 2, 
selectively referring to one of OS table memories 3a to 3c 
in accordance with the device interior temperature , determines 
the write-gray scale level data that can achieve the gray 
scale brightness designated by the current frame input image 
after a lapse of one frame period, based on the achievable 
gray scale level data of liquid crystal display panel 4 
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corresponding to the input image data for the previous frame, 
output from frame memory 1, and the current frame input image 
data. Therefore, it is possible to implement an overshoot 
drive which can correctly prevent occurrence of afterimages 
and can correctly display the half gray scales by always making 
up for the optical response characteristic of liquid crystal 
display panel 4 for any motion picture whatever gray scale 
transitions it contains. 

In the above embodiment, three kinds of OS table memories 
3a to 3c and achievable gray scale level table memories 6a 
to 6c, respectively corresponding to three levels of 
temperature ranges (below 10 °C , 10 °C to30°C and above 30 °C ) , 
are provided, one of OS table memories 3a to 3c as well as 
one of achievable gray scale level table memories 6a to 6c 
is selectively referred to in accordance with the detected 
data of the device interior temperature. However, it goes 
without saying that OS table memories and achievable gray 
scale level table memories for two levels or four or more 
levels of temperature ranges may be provided. 

Also, instead of providing table memories corresponding 
to a plurality of levels of temperature, the write-gray scale 
level data (the amounts of overshoot) for compensating the 
optical response characteristic of liquid crystal display 
panel 4 as well as the achievable gray scale level data 
corresponding to the gray scale brightness actually achieved 



by the liquid crystal display panel after a lapse of one frame 
period, may be determined by implementing a predetermined 
operation in accordance with the device interior temperature, 
on the conversion parameters stored in a single table memory. 

Further, in the embodiment of the present invention, 
the response speed of the liquid crystal display panel is 
improved by comparing the previous frame image data and the 
current frame image data and determining, based on the 
comparison result, the write-gray scale level data 
corresponding to the current frame image data. However, it 
is of course possible to provide a configuration in which 
the write-gray scale level data for compensating the optical 
response characteristic of the liquid crystal display pane 
is determined based on the image data two, three or more frames 
before, for example. 

Similarly, it is also possible to provide a configuration 
in which the achievable gray scale level data, corresponding 
to the current image data after a lapse of one frame period, 
in the liquid crystal display panel, may be determined using 
the image data (achievable gray scale level data) two, three, 
or more frames before in addition to the previous image data 
(achievable gray scale level data) -and current frame image 
data. 

Since the liquid crystal display of the present invention 
is thus configured as above, even if the target gray scale 
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level is not achieved within one vertical display period, 
the liquid crystal display panel is controlled by overshoot 
drive based on the achievable gray scale level (the achievable 
gray scale level based on the actual measurement of the gray 
scale brightness of the liquid crystal display panel) , whereby 
it is possible to prevent occurrence of afterimages and 
correctly display the half gray scales for any motion picture 
whatever gray scale transitions it contains, by making up 
for the optical response characteristic of the liquid crystal 
display panel. 

Industrial Applicability 

The liquid crystal display according to the present 
invention is suitable for use in display devices for personal 
computers, television receivers, wherein the optical response 
characteristic of a liquid crystal display panel for gray 
scale level transitions is compensated by implementing 
overshoot drive in the liquid crystal display panel. 



